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ABSTRACT 

Ho3tmined double bevel armor joints wore v/cldod with 20-10 clcctrodoc 
hiving variations in manganese content of 1.5i  2.0 and U.3$ combined 
with variations in molybdenum content of OjO, 1.5 and 3.o£.    A com- 
parison was also made between molybdenum added through the electrode 
coating and through the core wire and bctwocn an experimental in- 
duction melted and a commercial electric-arc furnace heat.    Testing 
included determination of sensitivity to center rout bead cracking, 
interface cracking, as well as X-ray,  macro etch and metallographic 
examination.    Physical and ballistic properties v;erc determined by 
tensile tests and a special explosion tost.    Significant features dis- 
closed were: 

(l)    Variations in manganese and molybdenum content 

a) affected sensitivity to root cracking, 
b) possibly affected susceptibility to  interface 

cracking, 
c) appeared related to tendency to  transformation, 

to martensitic structures on heavy dilution. 

High manganese contents oonbinod with the use of some 
molybdenum are boliovcd to represent the best combination. 

(2) Ballistic properties could not be related to composition. 
The initiation and prr/pa^atior.,   in the armor,  of crack3 
produced in tho  ballistic tout may oxolain this and suggest 
that  the ballistic values secured in these tests were 
associated more directly to the properties of the armor 
than t-^ those of the weld metal. 

(3) tfo indication could bo found that nolybdcnur.. added through 
tho electrodo coating produced any different properties 
than „hen added through the core wire. 

(U)    Induction molted experimental heats gave comparable results 
to a commercial oleetrie-arc furnace heat. 



SUMMARY 

The preliminary work undertaken in this investigation must be verified by- 
similar tests with commercially prepared electrodes and with several other types of 
armor as well as with conventional ballistic tests, before any final conclusions can 
be drawn. Nevertheless, several features believed to be significant have been re- 
vealed in those tests which have been summarized below. The similarity in results 
obtained with a commercially melted heat when compared with an induction melted heat 
of similar analysis justifies the belief that these observations are not limited to 
induction melted material alone. 

(1) The co»position of P.0 Cr-10 Ni type electrodes appears to govern 
the ease with which crack free deposits can be made in the root 
pass of restrained double bevel armor Joints. Additions of moly- 
bdenum appear desirable. Manganese alone is not helpful. 

(2) Some evidence was found that interface cracking in the root pass 
may also be related to electrode composition. The indication is 
again that molybdenum is helpful in overcoming this defect. The 
complicating factor of heavy root deposits required with compo- 
sitions without molybdenum however prevented drawing any direct 
comparisons. Deposits from the lowest alloy containing electrode 
(1.5 Mh-0.0 Mo) used in the investigation were unusually susceptible 
to this defect. 

(3) The tendency for weld deposits to transform to hard brittle mar- 
tensitic structures in passes where heavy dilution is present 
appears to be related to the total alloy content. Electrodes, 
where the sura of the manganese plus molybdenum content was less 
than about 4«Q#, were found to be transformed in the shoulder passes. 

(4) No indication could be found that molybdenum added indirectly 
to the deposit through the flux produced any different properties 
than when added directly through the core wire. 

(5) No appreciable variation in the shock resistance of the specimens 
exposed to the explosive tests was found to exist with variations 
of the manganese-molybdenum content of the weld metal. 

(6) The failure to find any direct correlation between electrode 
composition and ballistic strength values secured in the ex- 
plosion tost may be traceable to the apparent tendency for 
fractures to originate and propagate largely on the armor 
side of the weld interface. This preliminary evidence that 
ballistic properties may be related ji.ore to the properties of ■ 
the crmor than of the weld recommends itself for further 
investigation. 

(7) From the standpoint of the ease of welding restrained armor 
joints, electrodes containing sufficiently high manganese contents 
to insure freedom from dilution transformation and also with 
molybdenum contents adequate to minimize center root cracking 
are believed to represent the most desirable conbination. 



PEDGHESS KEPCST 
PflfcC   1 

on 

Eolation of tho Composition of Austonitic  (20 Or-10 Ni) Slcctrodce to 

tho Physical and Ballistic Proportioa of Armor 7cldmcnt,s. 

I.    The Effect of Variations in Mangflnoso and Molybdenum Contents. 

IOTRODUCTIOIT 

" The general aim of this project was to study tho effect of variations in 
the composition of austonitic 20 Cr-10 ITi typo electrodes on the properties of re- 
strained armor wcldmcnts. 

Two types of 20-10 electrodes have "been used in tank-armor fabrication; 
on© modified by additions of manganese,  nno by additions of molybdenum.    Various 
combinations of the two elements have also "boon considered.    Vor;' little fundamental 
information has been available, however,   to indicate what effect variations in the 
per cent of thoso elements have on weld properties.    This first progress report 
describes an investigation undertaken to provide such data as could be scevred by 
carefully controlled tests on a laboratory scale. 

The soccific aims of this first investigation were to: 

(1) Dctcrmino the effect of variations in manganeso and 
molybdenum content on the welding properties, par- 
ticularly sensitivity to  root cracking,  tho physical 
propcrtics and micro stricture  of restrained -7cld3 in 
armor. 

(2) Estimate the effect of variations in the per cent of 
these elements in the wold deposit or. the ballistic 
properties by means of a special explosion tot'.t. 

(3) Compare the effect of molybdenum alloyed in tho weld 
deposit  through the c->ro wire with molybdenum added 
through the clcctrrdo coating. 

Various step:;    taken in this investigation included? 

(l)    Preparation of electrodes fro::; i.ine experimental induction melted 
heats and one commercial electric-arc furnace heat.    The heats were of 20 Cr-lC Ui 
typo representing seven different lcvol3 of manganeso an»" molybdenum concents. 
The npproximato' analyses arc listed on the fcllowing page 



Pago 2 

Series Coi.Tpositiun Melting " 
Ho. Identity * 

1.5 idh-0.0 Mo 

Practice 

Induction 

C 

.10 20.0 

11 
10 JO 1.50 

Mo 

I ._ 
2,0 i.in*-0.0 iao Induction .10 20.0 10 JO 2.00 — 
2.0 i.in-0.0 Mo-E Electric .10 20.0 10.0 2.00 — 

• U,3 Mn-0.0 Mo Induction .10 20.0 10.0 H.25 — 

II 2,0 Hn-1.5 »'"o Induction .10 20,0 10.0 2.00 1.50 
2.0 Hn-(1.5 to) Induction .10 20,0 10.0 2.00 (1.50)* 
2.0 for (1.5 ifo)- ■] Electric .10 20,0 10.0 2.00 (I.50)* 
2.0 LÜ1-3.O Mo Induction .10 20.0 10.0 2.00 3.00 

III U.3 Ma-1.5 Mo Induction .10 20.0 10.0 U.25 1.50 
^.3 Hn-(l.5 Ho) Induction .10 20.0 10 .c U.25 (1.50)* 
U.3 ;• 1:1-3.0 Mo Induction .10 20.0 10.0 U.25 "S.00 

*    Throughout  the "balance of the report the various compositions 
will bo identified by the  synbols shovm in thio table. 
(1.5 &>)  indicato.3 r.iolybdcnun added through the flux;  the 
suffix E indicates natcrinl rioltcd coni-crcially in the 
electric-arc furnace. 

Series I vas designed to cr.r.:yarc the effect of trroe levels of nangonoso 
l.^O,  2.00 and 1+.25>v- alone.    Series II *»8 included to conparc the effect of 1.5$ 
and 3,0^6 riolybdcnuii with mngancsc fixed at 2.00$;  Scric3 III  to cor.parc the Bftno 
levels  -f nolybdcnun with jnangancse fixed at U.25;;.    Conpositions 2,0 i=In - (1,5 Ho) 
and U.3 Hr. - (1,5 lio) \;ore  included in the latter tvo series to cc;:parc nolybdonvxi 
introduced into the v/cld deposit through the flux vith iiolybdonun added through 
the coro v;irc. 

During the course of the investigation, a commercially r.oltcd cloctric- 
arc furnace hor>.t of analysis similar t> composition 2,0 ifa - 0.0 i.!o became avail- 
able and v/as included in Scricü I and Serien II for comparison ,/ith the induction 
noItcd heats. 

(2) Welding -.f duplicate restrained j. ints fro:., each c-.ttnoüiti~>n, 
noting sensitivity of each typ»>: oi* electrode to (a) rout bead 
cracking, and (b)  interface cracking. 

(3) Sananinr.tion of 7/oldod Joints including: 

a) X-ray examination of "as welded" plates 
b) üacr-< etch for quality of v/elds 
c) Transverse tonnilo :, report ics of v/olds 
d) Metallographie exanir.ation of wo3jda and 

i.iicroharO.noss traverses 
c)    Ballistic properties by explosion testing 

(k)    I3xar.iir.ation of explosion tested sarrplcs. 



i&TERIALS US3) AND PROCEDURE 
Pago 3 

1«   Preparation of Experimental Eloctrodos 

Nine,  twenty-five pound cxpcriuontal induction melted heats wore pro- 
pared in an Ajax high frequency furnace.    The small ingots (together with one 
billet    fron    the commercial clcctric-arc furnaco heat) wore forged and hot rolled 
to rods.    The hot rollod rod3 wore annealed, pickled and culd drawn "by the uou?„l 
commercial methods to core wire of l/kn and 3/l6" diameter.    Straitened ^.nd cut 
wire in lhn lengths vao then flux coated in on experimental laboratory extrusion 
pre so.    In all cases, a lino "base flux of composition cimilir to those found' to "be 
cmployod on commercial rods of this typo '.7as used.    The 3or.io formula was usod 
throughout except for sinll variations in the content of fcrrouanga:ic3c fron hoftt 
to hont necessary to maintain the level of this clorxnt the  sane i:\ the weld 
deposit as the coro wire,    Forromolybdcr.un was employed whore it was desired to 
alloy molybdonum with the weld deposit. 

The efficiency of'the flux was gauged by conducting a complete analysis 
of a weld pad prepared fron oach lot of coated l/U" dionotor oloctrodos.    The pro- 
cedure used was similar to that now required by the Bureau of Ships Specification 
Ubi^ClNT) April 1,  19^3«    Those analyses arc listod for comparison r/iththc core 
wire analyses in Table I*-Apocndix I. 

2.   folding of Restrained Joints 

2a)    Preparation of Test Plato 

Figure 1 ••-Appendix II chews the details ->f design and welding sequence 
orrployod in preparing the restrained joint. The intent was to socuro a test pinto 
containing a highly restrained doublo bevel butt wold. For additional restraint, 
the test plates were rigidly clamped in a heavy jig throughout the entire welding 
procedure and for a period thereafter of twonty-four hours. Figures 2 and 3 show, 
respectively, the appearance of a tost plate clamped in the jig ready for welding 
and a final welded plate. 

All test platoa wore torch cut a:-."! beveled to size fror, four,  lj" thick 
plates of Great Lakes honogencous hoat treated armor, representing TIC heat of the 
following composition: 

Heat 9-OOU7U 
Mill analysis 

C 
.29 

Iln 
.5» 

P 
.018 

s 
.025 

Si Cr 
.59 .is 

Zr 
.09 

Ulis amor v;ao chosen because of its wido use and because it was generally' 
boliovod to bo somewhat coro critical in its demands on the performance of the 
electrodes. 

In all cases,  the toot plates -./ere assembled with the rolling direction 
of the armor at right angles tc the weld ads as indicated in Figure 1.    After 
each pass across the wold,  the tc;.t plate was allowed to cool to a maximum of 200">F. 
before proceeding« 

*   All table3 arc asscmblod in Appendix I. 

** All drawings and photographs arc assembled in Appondix II. 

1 
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2b)    Determination of Sensitivity to Root Cracking 

Work done previous to this investigation disclosed that the 20 Cr-10 Ni 
composition exhibits a marked tendency to emck down the center of the first or root 
pass under certain conditions.    Preliminary tests disclosed that the degree of 
cracking was apparently chiefly related to the   thickness of the deposit,   i.e.,  the 
thicker the root pass the loss the likelihood of cracking. 

Root beads of various thicknesses were deposited with several different 
types of electrodes and the degree of cracking noted.     In e;>eh case there appeared 
to be a characteristic critical root thickness above which cracking no longer 
occurred.    This observation suggestod a possible method of rating eneh of the com- 
positions included in the  investigation for  sensitivity to root cracking. 

As er*ch of the  three  segments across the  root   *-ajj   deposited in each test 
plate,   the thickness of the weld WPS me-sured and recorued together with the appear- 
ance of the bead.    Figures U,   5 and 6 illustrate the  technique employed.    Figures U 
and 5 show the appearance of the face and bock of a root pass deposited with three, 
3/lo" diameter,   electrodes of composition 2.0 Mn-0.0 Mo-2.    Figure 6  shovs the -p- 
pe.oranco of cross-sections through the  three different locations indicated in Fig- 
ures h ar.d 5.     It is of interest to note th-t  in the root passes slightly thicker 
than required to prevent complete crocking,   the cmek aeponrs only on the b^ck side 
^f the weld. 

The d at a secured in th~se  testr -re recorded in dotnil  in Table  II.     I:, 
most cases,   it was p^seible to cstinrte   within fairly n-rr^w limits,   the critical 
root thickness required for c-'ch conprtsition.     In one case,   the ro->t beads were all 
deposited without exhibiting cracking.    ll^ru,   it  is assumed,   the criticrl root 
thickness '?as loss than that depos-.itcd. 

2c)    Observations Durl:g Completion of Test Welds,   Interface  Cracking 

After determining the  critical ro- t thickness,   all  crocked root beads wore 
chipped out and now beods of sufficient  thickness t^ nmW center cracking vere de- 
posited.    r'ith certain c^mo^sitiorg no further difficulties ^ere experienced and 
welding proceeded, as indicated in Figure 1.    Hoover,  others exhibited a marked ten- 
dency to develop cracks at the interface between the root bead and the  armor.    This 
type of crack nas quite distinct in appearance ->nd location from the center root 
cracks described above.    They wem  very narrow in width and extended from rs little 
os l/S"  to the full 8>" length of the root p-.ss.     In many cases,   they n-orc  detectable 
only by examining the junction of the weld metal  and armor with r small hand magnify- 
ing glass.    They occurred olmost «-ithout exception in the root pass.     In several 
canes it was necessary to '-old several plates before two v»ere secured free from this 
defect.    Table III  summarises these experiences and indicates the frequency of inter- 
face cracking in various compositions. 

3.    Examination of Welded Joints 

AftiT completion of welding (See Figure 3)  "n^ removal  from the restrain- 
ing jig,  each test plate '"a3 ground on both sides on a Blanchard Grinder to bring 
the top of the "vld flush with surface of the armor. 
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After X-ray examination,   the plates were sectioned by cold sawing in    the 
manner illustrated in Figure 7.    One of «ach of the duplicate  test plates,  after 
discarding the outer 2", provided two macro etch test specimens,   two explosion test 
specimens,  one specimen for microscopic examination and throe tensile test specimens 
from the face,  root and back of the weld.    The second plate provided two macro etch 
specimens and three explosion test  samples. 

3a) X-ray Examination 

The plates wore radiograDhed at Johns Honkins University by Mr. R.  L.  Henrtf 
A 200 KV General Electric machine employing a tungsten target was used.    The follow- 
ing exposure conditions,  after trial,  were applied: 

Focal distance - 6U inches 
Film - Eastman Typo K 
Pcnotrameter      - 2%t visible 

Voltage - 170 KV 
Amperage - 10 m.a. 
Filter - filter cassette 
Exposure time - 25 to 30 minutes 

3b)    Macro Etch Examination 

Macro utch specimens were ground flat on a 3^0 grit belt,  etched in cold 
dilute aqua-rogia for i  to 3 minutes and examination at 1^> X magnification for the 
presence of defects.    Figure S illustrates the appoaranco of three typical etched 
specimens. 

3c)    Tensile Test3 

Rectangular shaned tensile  test specimens cut transversely across the weldi 
representing the face,  root and bnck of the weld,  as  shown in Figure ft  were ground 
with a 320 grit finish to final dimensions of 9/^2" by 1".    Tensile tf!3ts were con- 
ductod on a 120,000# hydraulic machine.    An atto~ipt WPS mr.de to maintain a constant 
headspecd by employing fixed valve openings in "11 t^sts.    The hendspood from the 
yield point to breaking load was approximately 0.3" prr -ninute.    Per cent elongation 
was measured across the welds using three gauge lengths.     Standard two inch gauge 
marks were made in the armor with the weld at the center.     In addition,  punch marks 
were made at the  interface between the weld metal and armor,  both at the widest point 
across the weld and at the narrowest point across the weld,    T->ble IV,  Appendix I 
contains the  data secured in these tests and noted the  location of the  fracture of 
each specimen.    The yield strength was determined from "utogr*rohic stress-strain 
curves with the extensometcr attached over * 2" gauge  including weld metal nnd some 
armor.     The offset used in calculating the values «.is taken .19 ,236 of the average 
width of the weld metal. 

It will be noted in Table  IV that a number of the tensile test samples cut 
from the face and back of the plates were found to have broken across the wold metal 
in the  shoulder.    These fractures were brittle in appearance  and resulted in general- 
ly lower per cent elongations.    Rockwell h/irdnoso tests made on the   samples selected 
for microscopic examination  showed that these brittle fractures wore  associated with 
transformation of the weld metal  in the  shoulder pass to a hard martensitic  structures, 
The hardness values secured on the  shoulder nasses are recorded with the tensile test 
results for comparison. 
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3d)    Metallographie Examination and Microhardnosa Survcy 

Sanplca prepared fron the middle of one wold of each typo wore examined. 
Photomicrographs, Figures 9 to 11, wore prepared illustrating the appcaranco of the 
weld structure at a point near the center of each root bead.    ificrohardnc3s tra- 
verses were made with an Ebcrbach tester (28.U gn. load) across the fusion line of 
carries fron plates representing each of the seven compositions studied.    Imprcss- 
ions across the interface,  spaced approximatcly .0015" apart,  v;oro nadc with a 
Standard Vickcrs pyramid diamond ponotratcr.    The area tested in each ca3c was 
approximately at the middle of #U bead on the back side of the root pa30.    This 
location was chosen because as it will bo seen later,  it was apparently near this 
XJoint that fractures originated in the explosion test.    Figure 12 is a photomicro- 
graph of this area showing tlie hardnoaa impressions.    The hardness values indicated 
are believed correct for comparison among themselves, but their relation to 
Stanford Vickors or Brincll values ha3 not been cstabliGhcd. 

3c)    Ballistic Properties by Explosion Testing 

Explosion test sariploj \/oro «rround flat on side,  top and bottom faces in 
the Blanchard Grinder to the following dimensions: 

Height - 1-7/16" t 1/6U"       Uidth - 1-7/S" * 1/61+"   Longth - 8" t l/U" 

In addition to the woldod test  samplca,  samples wore also proparod of 
sinilar dimenaiona from the virgin armor plate.    One set was  selected with the di- 
rection of roHin.: parallel to the long axis of the specimen,  i.e.,  longitudinal; 
ono set with the rolling direction at ri.ht angles to the lon£ axis,   or transverse. 

All tests wore conducted under the direction of Dr. T7, 0. Snolling at tho 
Trojan Powder Company, Allcntown, Pennsylvania.    Dotaila of the sot-up used arc 
shown in Figurd 13. 

The tost 3a:jplcs wore rested on steel blocks with the face of the weld up- 
wards.    Charges of nitrostarch in the form of 2" dianoter flat diac3 of different 
gram woi.;iits wore exploded on top of tho weld.    Varying total amounts of explosives 
wore used on each specimen to ostabliah the amount required to just completely break 
the sample,    Difforont woi^hta of ijowdcr v/orc obtained by combining di3Ca of 20, 25r 
30, 35 and 50 -Trams.    Tho force applied by tho explosive is not believed to be 
linoarl;- proportional to tho weirjit capocially with large charges.    It ha3 beer 
pointod out that aa  tho height of pile of explosives increases,  the downward force 
exerted by the powder at tho top of the charge diminishes rapidly.    An approximate 
relationship botwoon explosive chargo and impact enor;"y expressed in terms of ball- 
pondulum displacement as tentatively determined by Dr.  Snolling (NR C-25 Project - 
Exploaivo Teats) is attached (Figure ik). 

The chargca op jlicd,   tho angle of bend and the api^caranco of tho teated 
samples arc recorded in Table V.    Fi urc 15 ohow3 tho appearance of a typical set  of 
specimens after testing. 

k.    Examination of Explosion Tostod Samples 

Samplo3 which MQTC i*irtially crackod oxtcrnally by tho explosive charge as 
v/cll as those which showod no external cracks were  sectioned transversely through the 
center of the weld and subjected to Metallographie examination to establish tho 
origin and node of fracture from tho ballistic impact.    Several were found containing 
only internal cracks varying from üicroscopic dimensions up to large fissures ex- 
tending almost to tho surface as noted in Table V.    Figures l6,  17 and 18 illustrate 
tho initiation of the cracks and tho /»ode of prof iv>Baion in typical samples. 

' 
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1. Preparation cf Blectrodes 

(a)    The analyses of the induction molted heats and v/eld deposits foil 
within reasonably narrow rondos«    Snail variations in carbon, 
phosphorus,   sulphur,  silicon,  chromium and nickel contents prcaont 
throughout  the scries \7cro not considered to h*i"vo  influenced the 
comparison of the effort of variations in manganese and molybdenum 
contents.    Tho chromium to nickel ratios of all hoots fell within 
the ran£o of 2.01:1.00 to 2.06:1.00. 

2. Voiding of Restrained Joints 

(a) Sensitivity    to Root Bead Cracking 

(1) Tho effect of molybdenum in reducing tho thickness of tl:o root 
pass required to prevent center cracks is clanrly shown in 
compari:;t; "he data for Series I heats without  molybdenum with 
Series II and III heats containing 1,5^ and 3.0$ of this e]cueni, 

(2) Variations in manganese cither without molybdenum present or 
with 1.5/.' or 3»°$ °*" tnis clement caurod no marked  trend in 
the results;   if anything, Scries  II heats with a level of 2.0$ 
Mn were slightly better than Sr.rieo III with a level of U.3# L-n. 

(3) Increasing the molybdenum from 1«5JK to }»0fi showed no marked 
additional benefit nor wos there any difference apparent be- 
tween adding Lhis clement through the core wiro or through tho 
flux. 

(U)    The results secured on induction melted heats compare closely 
with those obtained fron the oomraorcinl electric-arc furnace 
heat. 

("b)    Susceptibility to  Interface Cracking 

(1) Scries I heats with increasing    -langarosc and no molybdenum 
were susceptible to tho development of interface cracks. 

(2) Composition 1.5 Mn-0.0 do in this scrieri pro due od frequent 
interface cracking which was only Blightly alleviated by 
preheating.: the tost plates before  welding, 

(3) With increasing manganese content up to ^,'}fot hut with no 
molybdenum, this defect was still present but in a lesser 
decree. 

(k) TTolds from compositions with 2.0 and h.Jy manganese and 1.5 
and 3.0$ molybdenum appeared relatively free from this defect. 

(5) Difficulties experienced with Series  I hats appeared to 
coincide with tho much heavier root deposits required to 
prevent center cracking.    Such heavy beads wore  more prone 
to results in incomplete coverage of the root joints in 
the back of the pass introducing,   in some cases, a notch 
effect.    Thi3 notch condition,  ho.;ovor,  was not wholly 
responsible for interface cracking since the defect occurred 
in several instances ovon with satisfactory root point 
coverage. 
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3. Examination of Welded Joints 

(a) 3^-ray Examination 

Examination of the radiographs indicated that all relates were sound, 
free from porosity,  large slag inclusions or cracks •    It is of interest 
to note thdt the small interface crack later discovered in one end of 
a plito welded with the 2.0 Mn-0.0 Mo-E rod was not disclosed under the 
particular conditions of this test. 

(b) Macro Etch Tests 

In all cases except one, the macro etched samples disclosed no defects 
of significance. One plate welded with rod 2.0 Mn-0.0 Mo-E possessed 
a small interface crack in the root pass« This crack './as later found 
to have progressed about }/k  of an inch into the tensile test specimens 
cut adjacent to the macro etch samplo, tut is not beliovod to hove 
extended beyond this point. 

(c) Transverse Tensile ri'ests 

(1) Tensile and yield strength values of root .6amr..'.cs *irc generally higher 
and elongation values lower than those of sanpleu fron the face and 
back, probably because of greater dilution ox  the weld nctal in 
these areas. 

(2) No consistent trends are discornnble between tensile and yield strength 
values with variations in manganese or molybdenum content, different 
methods of introducing the latter elonnt or between induction and 
electric-furnace heats. Sonc indication is present that the wolds 
containing the highest nanganoso arid molybdenum contents possessed 
slightly higher values. 

(3) Comparison of elongation values with variations in composition is largely 
voided by the erratic and generally lo\f  /aluos obtained where face and 
back samples fractured through shoulder passes. Even excluding these 
values no clear trends seen to be present. 

(k)  The presence of partial interface crack in samples from composition 
2.0 Mn-0.0 Mo-E sharply reduced the tensile and elongation values. 

(5) ^hc tendency of some compositions to transforn to nartensito in the 
highly diluted shoulder passes appears to be related to the total 
alloy content of the electrodes. It will be noted in Table IV that 
those compositions possessiv.'* over approximately U.0# total nanganoso 
plus molybdenum pesscaed relatively soft shoulders while thoso having 
less than this amount were" either p-rtially or completely hardened, 

(d) Micro structure anJ Microhard:.üss Traverses 

(1) Microstructures in the root pass wore similar in all samples, consist- 
ing of an austonitic matrix with delta fcrritc containing carbides 
dispersed throughout. 

(2) The anount of the delta fcrritc constituent varied over wido limits 
throughout the -/eld and oven within the sane ben!. It was clear, hov.*- 
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ever,   that the total amonnt. of 'r'-.is constituent was related to the compo- 
sition.     Increasing molybdenum content  increased the  amount of  this con- 
stituent.     Increasing manganese content decreased the aiacunt.    On a per- 
centage basis molybdenum appeared to bo more effective  in increasing 
delta forrlto than manganese was in decreasing the amourt of this con- 
stituent.     Some  inconsistencies in this rale which may appear to be orcs- 
ent  in the r>hotomicrographs are largely traceable to  the difficulty of 
selecting a field representative of the .average  structure of the  wold. 
In addition,  small variations in chrojnium-r.icfcol r?tio and carbon content 
are known to affect the rcr cent of this T>haso  and thoir effect  should be 
borne  in mird. 

(3) i»iicroctruct-.ircypt the weld  interface presented no consistent picture,  but 
varied widely in the sai.io  somplo r.t various locations in the weld.    For 
this reason the  structures shown in the photomicrograph of this area 
should .iot be  interpreted, as representative of the entire interface 
structure  throughout the  samples.     Attocspts to correlate variations in 
these  structures "*ith variations in tho composition have so far failed. 

(U)  One consistent  feature  ir   «01  e^sep »as the  oros^nce of a narrow hard 
band at the interface nbout  .001-;  Inchon 1" ^idth ns shown by the micro- 
hnrdness values.     In this band h^rducsflos "ori   found ranging from J02 
V.P.:;.   to  the highest value of 712 V.P.27.  found  in the weld prepared from 
composition. 1.5 Ltn-0.0 Ho. 

(e) Ballistic Properties by Explosion Testing 

(1) Some variations were found in the charges required to break- the various 
welds,  but no clear cut trend could be f^und between these values nor the 
angle at fracture with variations in manganese or molybdenum content. 

(2) No definite  trend  <-.nR nresent  t^   P?IO- «hether molybdenum alloyed through 
the core rirc produced,  any different renults than "»hen -illoyed through 
the flux.    One  set ?'ith the commercinlly melted, rod gave  slightly poorer 
results thrvr its induction Rieltod counterpart;   the other set gave  super- 
ior results. 

(3) Tests on the virgin armor irdicoted superior ballistic resistance to a^y 
of the r/cldod samples. Tests taken '-ith the specimen axis transverse t<~ 
the rolling direction vnre decidedly inferior to  those taken parallel. 

U. Nature "f Foilure  in Eypl->slon Tested Samples 

The nr^gresa of cracks  ir. the explosion tented samplos '-.ere  trnced as 
follows: 

(1) Initiation as minute  figures in the "r:.r>r ,1uut at  the interface about 
one-h"lf    v^y between the root and the back face. 

(2) Extension in both directions,   towards the ro->t  nnd tc"-.'nrds the back face, 
travelling mostly in the  arr.or,  but    ccsi^n-illy in the flold metal. 

(3) At a r.oint beyond the r^ot son.T"llv ^t the b'ise of the shoulder pass on 
the face side, tho cr»c'' t'\r~rv -vit int-> the '"cld-metnl and continued to 
the face.     Travelling ir. t1:     *thcr   Mrectior,   the crack- also passed out 

1 
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into the weld metal generally in the vicinity of the pass just below the 
shoulder bead. 

(4) Where the crack extended in the weld in some instances, it travelled for 
short distances along the hard interface zone which was found /just on 
the fusion line. In general, however, the tendency appeared for the 
cracks to cross over, well into the softer weld metal. 

(5) These observations were consistent throughout the series and the nature 
of the failures could not be related to variations in the composition 
of the electrodes. 

FUTURE WORK 

JVhile the preliminary results of this first investigation indicate the 
desirability of molybdenum additions to the austenitic 20 Cr-10 Ni type electrode, 
the present critical shortage of this element militates against its use in any sub- 
stantial amounts. The establishment of some other method of minimizing sensitivity 
to root cracking therefore must oe seriously considered. 

One possibility appears to be the use of electrodes with high chromium 
to nickel ratios. Preliminary tests suggest that increasing the Cr/foi ratio tends 
to lessen the degree of center root cracking. 

In addition it appears essential to establish whether the type of ballis- 
tic failure encountered in this investigation is characteristic of armor weldments 
or is traceable to the particular type of armor employed. 

The following further work has therefore been planned: 

(1) Investigation of the effect of variations in Cr/foi ratio of 
electrodes combined with variations in molybdenum content. 
Testing procedures sl.iilar throughout to those described in 
this report will be employed excepting that tensile test 
samples will be selected in such a way as to avoid including 
weld metal from the shoulder beads of the test plates. In 
addition all-weld-metal tensile tests will be included to de- 
termine the effect on the physical properties of the weld 
metal alone. 

(2) Repetition of the first investigation by selecting at least 
two of the electrode compositions originally employed and 
preparing test plates from several other makes of homogeneous 
armor. Testing procedures sinilar to (1) above would be 
employed. 
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APPENDIX     I 

TABLE     I 

ANALYSIS OF CORE,  WIRE(AND WEL.P METALL 

SERIES     COMPOSITION HEAT     MELTING 
NO, IDENTITY _J|0_   PR.ACTICE 

I   1.5 MN-0.0 MO  E 001  INDUCTION 

2.0 MN-0.0 MO Z SO) INDUCTION 

2.0 MN-0.0 MC4 53005 ELECTRIC 

I». 3 MN-0.0 MO  E 0O6  INDUCTION 

II 2.0 MN-1.5 MO E 80? INDUCTION 

2.0 MN-(l.5MO) E goU INDUCTION 

2.0 MN-(l.5MO>-l 33005 ELECTRIC 

2.0 MN-3.0 MO  E 211  INOUCTION 

III >i.3 MN-I.5 MO E ÜI3 INDUCTION 

U.3 MN-(l.5MO) E S07  INDUCTION 

I». 3 NN-3.3 MO  E 315  INDUCTION 

aiSj .    £ MN I s U fifi til MC 
CR-NI 
RAT 10 

cw .087 i.*5 .028 .016 .33 20.07 10.01 — 2.01 

WM .100 1.5»» .036 .009 .21 19.67 10.17 .07 1.93 

cw .089 1.90 .035 .012 .36 20.22 9.99 • 2.02 

WM .102 2.15 .03«» .019 • 33 «9.79 10.10 *? 1.96 

CW .071 1.82 .058 .015 .33 20.113 9.96 — 2.06 

WM .077 1.90 .01*2 .017 • 30 19.75 9.97 .07 1.98 

CW .0 83 .».II .0U6 .011 .37 20.28 9.8-; — 2.05 

m .100 H.U7 .053 .00 8 .3^ 19.79 10.02 .02 1.97 

CW .092 1.92 .031 .015 .35 20.26 9.92 1.62 2. Oil 

WM .098 . 1.93 .035 .025 • 31 19.66 10.08 1.59 • •95 

CW .096 1.90 .036 .012 .3; 20.0il 9.72 — 2.06 

WM .1*0 l.' 1 .033 .035 .3» 19.06 5.70 i.M 1.97 

cw .071 1.82 .032 .015 .33 20. US 9.96 — 2.06 

WM .080 1.80 .OUU .020 .32 • 9.29 M9 1.65 1.97 

CW .091 1.9* .032 .012 .*3- 20.31 10.01 3.07 2.03 

WM .100 2.09 .038 .0IÜ .25 19.72 10.10 2.96 1.95 

CW .023 U. 27 .    M .012 .i*t 20.50 9.91 1.61 2.06 

WM .096 U.56 .051 .010 .23 19.79 10.00 1.57 1.98 

CW .08Ü t.10 .ülT .016 .39 20.20 9.116 — 2.05 

WM .133 U.J7 .0115 .028 .35 19.26 9.72 I.IU 1.93 

CW .099 U.35 .o»5 .015 M 20.32 9.95 3.00 2.Oil 

WM .100 U.56 .0*9 .008 .25 19.79 10.12 2.88 1.96 

(1) ANALYSIS OF TEST  COUPON POURED DURING TEEMING OF HEAT. 

(2) ANALYSIS OF WELD PAD PREPARED FROM l/l»» DIAMETER COATED ELECT 
PROCEDURE GIVEN IN BUREAU OF SHIPS OPEC IFICATION UbEU (INT) A 

(3) ABBREVIATIONS!   CW   - COKE WIRE,       WM   -  WELD METAL 

CCORDANCE WITH 
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APPENDIX  I  -   2 

TABLE II 

SENSITIVITY TO ROOT CRACKING AS SHOWN BY CRITICAL ROOT THICKNESS 

COMPOS ITI ON 
IDENTITY       HEAT NO. 

1.5 MN-0.0 MO     E COI 

2.0 MN-0.0 MO      E 00} 

2.0 MN-0.0 MO-E     JJ005 

l»,0 KN-0.1 MO E ?06 

2.0 MN-1.5 MO E «0? 

2.0 MN-(l.5 MO) E 60l| 

2.0 MN-(l.5 M0)-E 9500$ 

2.0 MN-J.O MO E 'II 

U.3 MN-1.5 MO E CI3 

I».3 MN-(l.5 MO) E 507 

U.3 MN-3.0 MO E :i5 

fiOCT 
THICKNESS 

INCHES 

(i) ABBREVIATIONS; 

.250 

.250 

.250 
1250 
.220 

.2 60 

.250 
.25* 
.230 
.220 

.250 

.260 

.25 ' 

.25^ 

.230 

.220 
.f-;r' 

.200 

.250 

.25 0 

.i5o 

.250 

.23; 

:!?? 
.250 
.220 

.250 

.230 

.190 

.250 

.220 

.200 

.190 

.250 

.220 

.200 

.230 

.220 

.220 

.190 

N   -   NOT CRACKED 

P    -  PARTIALLY CLACKED 

C   -  COMPLETELY CRACKED 

APPEARANCE 
OF   PEAD_ 

(•) 

N 
N 
P 
c 
c 
N 

Ü 
P 
P 

N 
N 
N 
N 
P 
P 
P 
C 

N 
N 
P 

N 
N 
P 
C 

N 
P 

N 
N 

N 
N 
P 

N 
P 
P 
C 

ESTIMATED CRITICAL 
ROOT THICKNESS 

INCHES 

.250 - .230 

.250 - .280 

.250 - .250 

.250 - .230 

.190 - .230 

.220 - .23: 

UNDER .230 

.190 - .230 

.220 - .250 

.200 - .220 

.220 - .233 
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TAPLE   HI 

FREQUENCY  OF   INTERFACE CRACKING 

SERIES 
NO» 

COMPOSITION 
IDENTITY 

1.5  MN-0.0  MO 

I: 

HEAT 
NO. 

F.30I 

2.0 MN-0.0 MO E803 
0 MN-0.0 MO-E       5300 
3 MN-0.0  MO ZiOd 

TOTAL NO. 
PLATES WELDED 

NUM3ER 
DEFECTIVE 

I 

3 

REMARKS 

VERY NUMÜEROUS INTERFACE CRACKS 
NUMEROUS INTERFACE CRACKS 
FEW INTERFACE CRACKS 
ONE INTERFACE CRACK 
NUMEROUS INTERFACE CRACKS 

II   2.0 MN-1.5 MO E80? 
2.0 MN-(|.5 MC) E«0» 
2.0 MN-fl.5 MO)-E 33005 
2.0 MN-3.0 MO Mil 

0 NO INTERFACE CRACKS 
0 NO INTERFACE CLACKS 
0 NO INTERFACE CRACKS 
0 NO INTERFACE CRACKS 

Ml MN-1.5 MO 
MN(I.5 MO) 
MN-3.0 MO 

ECI5 

EGI5 

0       NO INTERFACE CRACKS  ■ 
0 NG    INTERFACE  CRACKS 
1 ONE  SMALL   INTERFACE CRACK 

.0 
*   THREE  PLATES PREHEATED  TO  550,   $00  AND  65OF.,   RESPECTIVELY. PLATE  PREHEATED  TC   550   F. 

DID NOT  DEVELOP   INTERFACE  CRACKS. 

••  ONE  SMALL   INTERFACE  CRACK  DISCOVERED   IN  ONE PLATE   IN   TENSILE  TEST  SAMPLE MACHINED  FRCM 
ROOT. SEE TAÖLE   IV. 



■ • 

TABLE 

TENSILE TEST DATA 

SERIES 
NO. 

COMPOSITION 
IDENTITY 

HEAT 
NO. 

M 

1.5 MN-ö.O MO   rm 

2.0 MN-0.0 MO       E805 

2.0 MN-0.0 MO-E   33005 

4.3   MN-0.0  MO        ES06 

2.0  MN-1.5 MO       E809 

SPEC1- 

R 
B 

F 
R 
3 

F 
R 
3 

F 
R 
e 

F 
R 
3 

2.0 MN-(l,5 MO) E304 

2.3 MN-(l.5MO>-E   33035 

2.0 MN-3.0 MO       E0II 

ill I.J  MN-1.5 MO       EBI3 

»1.3 M?+-(l.5MO)     ES07 

U.3 MN-3.0 MO      E3I5 

ULI.TENS. 
STR.   PSI 

60,500 
83,100 
90,900 

83,800 
5^,500 
SH',200 

69,000 
•8,703 
62,000 

93,qoo 
I02,3r;3 
92,300 

56,SCO 
106,600 
33,500 

96,300 
57,»0* 
89,600 

77,000 
I0§t500 

95!öOO 

95^50 0 

90T300 

>3,«0u 
95,600 

S3,600 
10^,000 
101,200 

53,100 
106,300 
102,300 

.# YLD. 
STR.PSI 

(2) 

57,000 

67,500 
76,330 

(I)     F -  SPECIMEN  FROM FACE 
R -  SPECIMEN  FROM  ROOT 
3 -  SPECIMEN  FROM SACK 

[Z)     DETERMINED  3Y OFFSET  METHOD   FOR  . 2g GAUGE 
OF  EQUAL TO  AVERAGE   WIDTH  OF WELD METAL. 

ELONGATION -    <  
">"     winr^f       NARROWEST 

-4&r- 
5?:? 

10.3 
11». 3 

sr 
21. u 
35.2 

13.* 21 'l 11.7 

6.0 

11T7 
20.3 

III 
H:f 
9.« 

2?i? 
«?:« 
J0.T 

22.» 

10.2 
27.s 
25.5 

■ 7.2 

15.9 

• 9 

2l.il 2H 18.4 

15;» 

5T5 
11.1 

sj 
31.6 
29.* 
20.0 

2U.7 
2 b. 2 
13.9 

25.8 

10.3 

13.6 
27.0 
33.3 
35.6 

ih« 
8:1 
30.8 

ROCK.HARD. 
RANGE OF 

SHOULDER BEADS —wc=m— 
REMARKS 

93B-UIC 

978-33C 

923-9 llB 

398-35C 

92B-27C 

3IIB-38C 

9>IB-96B 

91D-963 

913-960 

923-960 

FRACTURE PASSED THROUGH! 
 SHOULDER  

WELD 
WELD (6) 

SHOULDER 
WELD 

SHOULDER 

{INTERFACE CRACK IN UNTESTED SAMPLE 
INTERFACE CRACK IN UNTESTED SAMPLE 
INTERFACE CRACK IN UNTESTED SAMPLE 

WELD 
WELD 

INTERFACE 

WELD (6) 
INTERFACE AND WELD 

SHOULDER 

SHOULDER 
INTERFACE 
SHOULDER 

SHOULDER 

WELD (6) 

n 

x 

(BROKE 
WELD 
IN  ARMOR 

SHOULDER 

INTERFACE 
WELD 
WELD 

WELD 
WELD 

INTERFACE 

WELD 
INTERFACE AND WELD 

WELD 

INCLUOED WELF METAL AND SOME PLATE METAL ON EITHER SIDE OF JOINT. 
ACROSS WIDEST PORTION OF WELD METAL. 
.'.CROSS NARROWEST PORTION OF WELD METAL. 
SHOULDER METAL REMOVED IN GRINDING PLATES TO SIZE. 
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TABLE V-, 

EXPUOSIPN TEST PftTA 

SERIES COMPOSITION 
NO.     IDENTITY 

"EAT  SAMPLE 
NO.    NO. 

1.5 MN-0.0 MO E 801 

2.0 MN-0.0 MO E 803 

2.0 MN-0.0 MO-E 33005 

U.3 MN-0.0 MO E 8o6 

B'4 
B5 

DD2 
DD3 

W 
«5 

RR2 

S5 
GG2 
GGU 

EXPLO- 
SIVE 
CHARGE 

GRAMS RAMS 

i 
30 

25^ 

IS 
200 

BEND IN 
TESTED 
SPECIMEN 

ESTIMATED 
BREAKING 
CHARGE 

78 

80 

73 

33 

REMARKS 

UNBROKEN-LARGE   INTERNAL  CRACK 
BROKE 

UNBROKEN-INTERNAL CRACKS 
BROKE 
UNBROKEN-EXTERNAL  CRACK 
BROKE 
BROKE 

UNBROKEN-EXTERNAL  CRACK 
UNBROKEN-SMALL   INTERNAL CRACK 
BROKE 
BROKE 

UN3ROKEN-EXT.   A   INT.   CRACKS 
UN3R0KEN-SMALL   INT;   C.V.CK 
BROKE 
HROKE 
BROKE 

II       2.0 MN-1.5  MO    E 809 

2.0 MN-(l.5M0) E  SOU 

2.0 MN-(|.5 MO)-E  33005 

2.0 MN-3.0  MO     E   Si I 

J5 
JJ2 
JJJ 

iV 
Ilk 
EE2 

& 

sr,2 

SG3 

11 
80 

125 

SO 

»75 

11 

70 

6.0 UNBROKEN-INTERNAL CRACKS 
10.5 3R0::E 
7.5 80 UN3R0KEN -EXT.   &   INT.   CRACKr 

10.0 UN3R0KEN- EXT.   &   INT.   CRACKS 
5.5 BROKE 

6.0 UNBROKEN-SMALL   INT.   CRACKS 
6.0 7S UNBROKEN-NO  CRACKS 
7.5 BROKE 

BROKE 
9.0 BROKE 

9.0 UN3R0KEN- EXT.   &   INT.   CRACKS 
§.5 UN3ROKEN- EXT.   &   INT.   CRACKS 
7.5 93 UNOROKEN- LARGE EXT.   CRACK 

I 1.0 UN3R0KEN-  EXT.   &   INT.   CRACKS 
C.5 3ROKE 

5,5 UNORCKEN-LARGE   INTERNAL CRACK 
5.0 UN3RCKEN- NO  CRACKS 
6.0 75 UN3ROKEN-SMALL   INTERNAL  CRACKS 
5.5 3R0KE 

10.5 3R0KE 

. 



semes    COMPOSITION 
NO. IDENTITY 

HEAT 

III       U.3 MN-1,5 MO   E  613 

U.3 MN-(I.5MO) E Co 7 

SAMPLE 

NU 

NNJ 
NN2 

HH 

APPENDIX      1-6 

TADLE  V  -(CONT.) 

EXPLOSION TEST DAJVV 

EXPLO- 
SIVE 
CHARGE 

GRAMS 

ti 
80 

90 

3END   IN 
TESTED 
SPECIMEN 

'ANGLE 

HHJ 

-. b 

LI 

1:1 
ß.o 
5.5 

ESTIMATED 
BREAKING 

CHARGE 

CO 

8) 

REMARKS 

UNOr.OKEN- NO CRACKS 
UN3ROKEN- INTERNAL CRACKS 
DROKE 
snr.KE 
CROKE 

UNBROKEN - NO C RACKS 
UN3R0KEN - SMALL INT. CRACKS 
UNBROKEN-EXT.4 INT CRACKS 
UNHROKEN-SMALL EXTERNAL CRACK 
ÜROKE 

U.3 MN->.n MO E Sl5 UN3R0KEN - NO CRACKS 
UNHROKEN -SMALL INT. CRACK 

73       3R0KE 
DROKE 
DROKE 

ARMOR 

ARMOR 

TRANSVERSE 
(LONG  AXIS 
RIGHT  ANGLES 
TO   ROLLING 
DIRECTION) 

9-0 M71» 

LONGITUDINAL 9~-• UU7U 
(LONG AXIS 
PARALLEL TO 
ROLL I NG 
DIRECTION) 

AT3 
ATI» 

■5° 200 
AT5 250 

300 AT2 
ATI 500 

Al 
A2 ill 
SI 300 

coo 
A5 fao 

llj.O 
20.0 
22.0 

lo.O 

225 

OVER  700 

UNDROKEN-SMALL  EXT. 
UNÜROKEN-LARGE EXT. 
3RQKE 
3R0KE 
wROKE 

CRACK 
CRACK 

UNBROKEN-SMALL EXT.   CRACK 
UNCROKEN-LAÜGE  EXT.   CRACK 
UNBROKEN-LARGE  EXT.   CRACK 
UNDROKEN-SEVERFTLY CRACKED 
UN'JROKEN-SEVERELY   CRACKED 



Drav/inf;:c f  Photofm^ho and PhotonieroeraphB, 

Fi«;;arcs 1 t^.  18,   inclusive. 

Pa:cß 1 

to    12 

APPHJDIX    II 



Appendix II - 1 

Direction of Boiling 
in Amor Plate 

fie st rain in« 
Wold 

/ 

WILfiMO PHACTICB 

Clasped in re»trainIn« Jig daring entire welding operation, pins 2k hours. 
Maxima iaterpaee temperature 200° Fahrenheit. 

layer Ho.    gleetrod* »loo   Aaperage fieaarks 

3/16" maaeter    l6o - 190 1 
2 
3 
k 

7 
8 
9 

10 
li 
12 

3/16- 
lA" 

iA» 
iA" 
iA- 
lA" 
3/16- 

iA" 
iA» 

170 - 200 
250-290 
250-290 
250-290 
250 - 290 
250-290 
250-290 
190 - 210 
190 - 210 
27O-30O 
270-300 

loot Vead - copper baefc-np used 

Shoulder toads 
Shoulder heads 
Creva bead 
Crown head 

Pig.  1   Test Plate Design and «folding Practice 
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Appendix II - 2 

Preparation of Test Plate 

' 

Fig.  3      Appearnnce of Welded Test Plate 
After Removing from Jig 
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Determination of Sensitivity to Root Cracking 

HJ       7H>:VE>S 

H       (M:U:   A..::»' 

» 
fl            sacvr: 

. • MKgrsi 

■   MMM 
m         v*t MM 

*ÄU 
2^5. 

Fig.1T Face Side 

Fig.  5 Back Side 

P: 4 ' 

m&JK 

MM      .ir*          ■    meviM      .  «•             1    MM 
i:u: ::«IBU             ■       eatcnc MtMtt             H          M MM 

BV >Y   g 

^^^^ il»|M»|HM1^-i,lM«|»M|W|^M1«'l,|"l"^,I"li,i|i|M,^Jil4,>,|i»N,7|,«M,i,|,<M,y^Fr» 1n*»J M IOI M' ill 1 l'i. 

flKTXOK    "A" 

TKXCUSM      .190" 

CRACKED CO^UTILY 

SEC?ICN    "3" 

THXCX:;ESS       .250« 

C1ACKEI PARTIALLY 

saciio::   "C" 

manm      ,uc" 
HOT CRACKED 

MM 
Fig.  6        Macro Etched Sections At Points Indicated in Figs. U and 5 

Figs. U,  5 and 6      Appearance of Root Pass with Beads of Three Thicknesses 
Composition 2.0 Mn-0.0 Mo-E 
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Appendix II - U 

Sectioning Test Plato and Macro Etch Testing 

Macro Steh Specimens (Inner face) 

Explosion Test Specimens 

Micro apeoinen 

Tensile Test Specimens 

Discard 

Fig.  7      Manner of Sectioning Teat Plate for Test ..Specimens 

skfU      efl sV * ete^jl 

mm 

B^v 

Kr?* A 

ML"* 'ffm HL-;**•»■. ^H 

2.0 Mn - 0.0 Mo          U R         2.0 Mn - 1.5 Mo eV ,0 Mn - 3.0 Mo 

Fig. 8      Typical Macro Etched Saiqples from Series I,   II and  III 
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Microstrueturc in Root Pass, Series I 

• • • V    . -, " I.             i 1   »> '      '    • * & i  '■-' 
^* 

*- *   .      ■ ,1 

"«.  "• 
' • l'\ 

■•* 

;- ■//.:> 
J- v?-v- ' r« . >/ ••■ •/*„   v '.    -» ..■• 

/ 

-:■'■'■'#■:. 

*. • •■     ■ - .   1 

■ 4  . '-'' 

: «, *2 *     * . 
1 

• \-"f: «» * 
I ' •     .                    •              "» 

•    0 »       *         ".        • * * 
•• ■ -     ..      \       >    .        i *   * 

•':.'«     .   > • .   >      ■   V '   -". 
» 

•         *■ •       ♦% 
■■ / 

'. -   " r' •             ■ »• \ • ••■.y .<■'■■ ->.^. 
-* \JF*.  ^ . V ■ ■ ä  : ••' .«.. 

Composition 1.5 Mn-0.0 Mo 

,*,.■■    :    i(' f J     . .      .    •..•:.   s*< 

■\ .- :<;:'"-1 *;■ . .;■'••' v' 'v '':*-" 

"." V     •'          .*       •'    »     ".'".'           K 
:-.'.'>;?• ,.;•'•• •    ►'~:<4'-.-. 

. *-;&;» '. -V '   '•■'. •■  '   • •.'•■'.•'• 

•  •     *.■".••*••       *                *              -.••". 

•   •:'••-. ¥-h  ••"'. ■ ■■•■ ■ *»**v. •'., <:    >r ;•  ..: ;•;'.•>   .- •. 
;. .   *..' .%; ■;-.*>,>• ..* >• .. •. 

„*'•••...•'.■■'  ■"»■ *;.*> ~ j--r 
*  *              ■     .       ,         •         " •'.   •      •.*••; 
• ••           *   •           ..           .   •      •              >■.. 

.        *                      •                '                   •■.»•» 

'                  * ** ■•   -       - /     .-»••■*       ,     , •               ..,*>• 

Composition 2.0 Mn-0.0 Mo 

x     ,   t *        •      I  i *\■* • ■     1 - I 

!'v,   >•' /,  . /'. -  -^ T-^ \    - 4f> ^ '• 
...-.- . r>^.'w •   ..* .•  *f -. ^ 

Composition 2.0 Mn-0.0 Mo-E 

*».". 

.-.••.••   •     r. . • 

Fig.  9 

r. . ":v. ". ;'•' ■■" \  v •     V*'      '. 

.....     «ii . j»;* • 

Composition U.3 Mn-0.0 Mo 

Microstructurt^ of Weld Metal  in Root Pass X200 
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Mlcrostructui'o  in Bnnf. P-SB,   gcri^ TT 

'Cfr&r- v;c^V/l>?/,\V-'--::- 
-"-• v - t-f    ,'<\'    ,"*    .      r*;    - 

Ä ;* *>■  '   x*>/- ". .. .     :vr.   >--*-'^-. 

*,•: /■■*.:.">-■ 

Composition 2.0 RPTT5" Mo l~"—A 

I • 

. 

r/iJ '..: 5«?ÄI3» V> "*'/*•; 
AC 

>'./' 

.i, ,/7-r "i W V 

..'•;"• rltJL 

,r# If I *—*) 
'->$*/* ^C^v» 

I ;•,>;. 
•:.«• / - 

:•/ 

A.thfc 

«S'j5 

M* v> 
Wf 

g 

IV- 

:<^ fcVv 
■-   CJ -< 

<*-** 
■...'•- 

1* v.. wa <= .■ 

H >«-;. v.: 

Composition 2.0 Jfr»-(l.5 Mo) 
& 

:.HA 
>y 

"-*,V~    £? y! c- :£ &•«?¥» 

i -iV*-£ 
YVV 

> •*•!:< 

$£* 
AV v& ms 

•*1 

ft a 

^i S*2 v.tr 'A- ̂  

^,t »v>^ 
« •; :^= 

Ms ^ ¥*1 
!-N< 

^A ;*:;». ^^55fcf: 
Composition 2.0 Mn-3.0 

Pig.  10 Micro structure Qf Weld Metal 

«•ViK 
lio 

in Root Pass X200 
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Microstructure  in Root Pass,   Series III 

Composition 4.3 Mn-1.5 Mo 

3.0 Mo Composition 

Fig. 11  Micro structure of Weld Metal in Root Pass  X200 

/ 
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Microstructure at Fusion Line 

\   • 

*1m 
• '    254 

265 

Weld Metal 

•^527        . 506    Pugion Zone 

.0015" 

Armor 

Fig. 12  Micro structure at fusion zone 

Microhardness inpressions with Ebcrbach 
Tester 

Conposition 1.5 Mn-0.0 Mo X500 



**«• 13   Äaplo.ion Test 8»t-v 



' 

MiUiBOte» Mi* 





RUSTLESS IRON AND STEEL CORPORATION 

Appendix  IT - IP 

Devolopmcnt of Cracks ln ETrlno, tM 

Conposition 2.0 Mn - 1,5 )fc 

^298 

273 fj ^290 

332^ 

Samples 

Weld 

Pi6'   l6    ^U1?tion "f^raeT^S? r 500 
Microhardness te.t. with Eberbach Tes?Gr 

...*j*e 
«€.   17    Extension^, erMk *0Bg ^.^ ^K Ä»,   i »     ^ 

J C1NTER OF EXPLOSIVE IMPACT 

1 I 

8$ QMS. 
EXPL0SIT1      -c ÄU- 

?HAROE 75 ÖM>. _ 

^ig.  18    Etched sections through c^t^ ^r 
125 010. 
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